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ABSTRACT

A simplified model for predicting the downstream flooding pro-
duced by a dam failure is presented. This model has been developed
to aid flash flood hydrologists who, because warning response time
1s short or adequate computing facilities are not available, are
unable to utilize the NWS Dam-Break Flood Forecasting Model. Using
only a hand-held calculator and the dimensionless graphs presented
in this paper, the hydrologist may within minutes produce forecasts
of the dambreak floodwave peak stages, discharges, and travel times.

The model consists of three major steps. In the first step,
the user approximates the river valley as a prismatic channel, the
shape of which may be expressed by the relation: TOPWIDTH = Kh™
where h is depth and K and m are the fitted coefficients. The
second step entails the calculation of the maximum outflow discharge
and stage produced by a time-dependent, rectangular-shaped breach of
the dam. In the third step, routing parameters are calculated and
dimensionless graphs consulted to route the maximum outflow to
selected downstream locations. Data requirements for the simplified
model include: 1) cross—sectional information, slope, and Manning's n
for the river valley, 2) reservoir storage volume at time of fail-
ure, 3) final breach width, depth, and formation time, and 4) the
distance from the dam to the downstream points of interest.

The ability of this model to predict the extent and timing of
downstream inundation is tested with good results using data
obtained during the dambreak floods produced by the failures of
Teton Dam and the Buffalo Creek coal-waste dam. Prediction accuracy
and the time required to use the model are examined for each appli-
cation. A step-by-step example application is also presented.

1Research Aydrologist and Senior Research Hydrologist, Hydrologic
Research Laboratory, Office of Hydrology, National Weathar Service,
NOAA, 8060 13th Street, Silver Spring, Maryland.



I INTRODUCTION

The devastation that occurs as impounded reservoir water
escapes through the breach of a failed dam and rushes downstream is
quick and lethal. This potential for disastrous flash flooding
poses a grave threat to many commnities located downstream of dams.
Indeed, a report by the U.S. Army (1975) indicates 20,000 dams in
the U.S. are "so located that failure of the dam could result in
loss of human life and appreciable property damage ..." This
report, as well as the tragic destruction resulting from the fail-
ures of the Buffalo Creek coal-waste dam, the Toccoa Dam, the Teton
Dam, and the Laurel Run Dam, underscores the real need for accurate
and prompt forecasting of dam-break flooding.

Advising the public of downstream flooding during a dam failure
emergency 1s the responsibility of the National Weather Service (NWS).
To aid NWS flash flood hydrologists in forecasting the inundation
resulting from damfailures, the numerical DAMBRK Model (Fread 1977,
1980) was developed for use with high-speed computers to model the
outflow hydrograph produced by a time-dependent, partial dam breach.
and route this hydrograph downstream using the complete one-
dimensional unsteady flow equations while accounting for the effects
of downstream dams, bridges, and off-channel storage. However, in
some situations the use of the DAMBRK Model may be precluded because
warning response-time 1Is short or adequate computing facilities are
not available.

To alleviate this potential problem and to improve upon the
accuracy and versatility of existing simplified dam breach modelling
procedures (Saakas and Strelkoff, 1973; McQuivey and Keefer, 1975;
Snyder, 1977; and SCS, 1979), the NWS has developed the Simplified
Dam-Break (SMPDBK) Flood Forecasting Model. Employing only a hand-
held calculator and dimensionless graphs, the user may within minutes
produce forecasts of the dambreak floodwave peak discharges, stages,
and travel times. It should be noted here however, that the use of
the NWS SMPDBK Model is not limited to NWS flash flood hydrologists.
Planners, designers, civil defense officials, and consulting engineers
who are concerned with the potential effects of a dam failure and who
have limited time, resources, data, computer facilities, and/or
experience with unsteady flow models may also wish to employ the model
to delineate the areas facing danger in a dam-break emergency.

This paper presents an outline of the NWS SMPDBK Model's theo-
retical basis, some examples of its predictive capabilities, and the
procedure for using the model to forecast dambreak floods.

II MODEL DEVELOPMENT

The SMPDBK Model retains the critical deterministic components of
the numerical DAMBRK model while eliminating the need for advanced
computer facilities. SMPDBK accomplishes this by approximating the
downstream channel as a prism, concerning itself with only the peak
flows and stages, and utilizing dimensionless graphs developed using
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the NJ5 DAMBRK model. The applicability of the 3MPD3X Model is
further enhanced by its minimal data requirements; the peak flow at
the dam may be calculated with only four readily accessible data
values and the downstream channel may be specified by a single
"average" cross—section.

Three steps make up the procedure used in the SMPDBK Model.
These are: (1) approximation of the channel downstream of the dam as
a prismatic channel; (2) calculation of the peak outflow at the dam
using the temporal and geometrical description of the breach and the
reservoir volume; and (3) calculation of dimensionless routing
parameters used with dimensionless routing curves to determine the
peak flow and time-to-peak at Specified forecast points downstream
of the dam.

2.1 Channel Description

The river channel downstream of the dam is approximated as a
prismatic channel by defining a single (distance weighted) cross—
section and fitting a topwidth as a power law function of depth
similar to, but further expanded than the function used by Saakas
and Strelkoff (1973) to describe the cross-section. Informal
discussions with potential users of this model indicate that this
method will adequately describe most channel geometries while
satisfying the prismatic requirement. A prismatic channel allows
easy calculations of flow area and volume in the downstream channel
which 1s required to accurately predict the amount of hydrograph:
modification (attenuation and lag).

Approximating the channel as a prism requires three steps.
First, topwidth vs. depth data must be obtained from topographic
maps or survey notes. For each depth (hi) a distance weighted
topwidth is defined using the relation:

(B + B ) (B ., +B )
_ [ i,l - 1,2 (Kp=X1) + onn + i,J é i,J (XJ N 1)
B, = = (1)
* X; - X))

.

where: h; is the 1th depth, 1 = 1,2,3 ... I h
Bi" is the th topwidth (correspondlng to the it depth hi)
J
_ at the 3P cross-section where j = 1,2,3, ... J
B, 1s the weighted ith topwidth h

X, is the downstream distance to the jt

5 cross—section

Defining a topwidth B for each h; produces a table of values
that may be used for fitting (using least—-squares or a log-log plot)
a single equation of the form B = Kh™ to define the prismatic chan-
nel geometry. The fitted parameters K and m are computed as
follows:
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For rivers with very steep valley side-walls or very dense
vegetation adjacent to the channel (see Fig. la), an additional
parameter (h ) may be specified to indicate the depth at which the
channel geometry no longer follows the B = Kh™ relation. As can be
seen in Fig. 1lb, this feature allows for a more accurate representa-
tion of the true channel-valley shape.
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Fig. 1a Typical Downstream Cross-Section
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Fig.1b Approximated Prismatic Downstream
Cross-Section
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AS '1diuated this equation gives the wmaeximum hzad over ths weir at

t = Thus, the maximum breach outflow (Qbmax) occurring at
t = may be calculated by substituting this expression for
hweir{max) into Eq. (5), i.e.,
C 3
Qbmax = 3,1 Br — 13)
t, +—

PV

2.4 Maximum Stage Calculation

Once the maximum outflow has been calculated, the maximum stage
(hmax) at the downstream face of the dam must be determined. To do
this, the flow (Q,) that produces the stage (h y) shown in Fig. 3
must first be evaluated and compared with Q bmax C© determine whether
the maximum stage is above or below h,. The flow Q, is evaluated
using the Manning equation, i.e.,

1.49 A\ 2/3
Q, = ——s/2a A, <§l (14)

v
\'

For tmi prismatic channel, B, 1s given by K h, ™ and A, 1s given by
)/(m+1) Substituting these expressions for B and A, into
Eq. (14) and simplifying gives the following:

1.49 K -
_ (mt+5/3)
Q= sl/2 <———> h, (15)

n

Fig.3 Calculation of Flow (Q,) For
Determining Maximum Stage

If Q, is found to be greater than Qy .., then h, must be
greater than hpaxs and hpax 1s determined using the relation:

_ 1/b
Qbmax
h = (16)
max
a
where: 1.49 K
a = si/2 (17)



2.2 Breach Description

As indicated by Fread (1980), most investigators of dam-break
flood waves have assumed that the breach or opening formed in a
failing dam encompassed the entire dam and occurred instanta-
neously. While this assumption may be valid for a few concrete arch
dams, it is not valid for the exceedingly large number of earth
dams. Because earthen dams generally do not fail completely nor
instantaneously, the SMPDBK Model allows for the investigation of
partial failures occurring over a finite interval of time. And,
although the model assumes a rectangular-shaped breach, a trape-
zoidal breach may be analyzed by specifying a rectangular breach
width that is equal to the average width of the trapezoidal
breach. Failures due to overtopping of the dam and/or fajlures in
which the breach bottom does not erode to the bottom of the reser—
volr, may also be analyzed by specifying an appropriate "H" param
eter (see Fig. 2) which is the elevation of the reservoir water
surface elevation when breach formation commences minus the final
breach bottom elevation.

2.3 Maximum Breach Outflow Calculation

The flow (Qb) in ft3/sec through the breach of a failed dam may
be expressed as broad-crested weir flow, i.e,

= 3/2
Q, = 3.1B_h / (5)
in which Br is the breach width (ft) and hweir is the instantaneous
head (ft) over the weir.

In the finite time interval it takes for the breach to form,
the volume of water that flows out of the reservoir is the integral
of the instantaneous flow (Qb) over the time interval from zero to
te where teg 1s the time of failure. This outflow volume may also be
expressed as the reservoir surface area (AS) (assumed constant dur—
ing the time of failure) multiplied by the integral of the instan-
taneous drawdown (yd) over the total change in pool level (yf)
during time of failure. Using the above expression for Q% (Eq. 5),
and equating these two expressions for the outflow volume, the
following basic relation is developed:

£ Tg
308, | n 3/2ac=a_|ay, (6)
o o
The instantaneous head (hweir) over the weir (see Fig. 2) is
hvetr = yp) = ¥y ™)

where Yp is the instantaneous height of the bottom of the breach.



Fig.2 Instantaneous Breach Geometry at
O<t<tf

Substituting into Eq. (6) the expression for h eir 8iven in
Eq. (7) yields a relation that cannot be integrated analytically. To
obtain an analytical solution, it is necessary to neglect the instanm
taneous height of the breach (yb) in Eq. (7) and approximate hyeip @8

follows:
hyetsr = Hyg (8)

This assumption of the negligible effect of b has been shown to be
acceptable by test comparisons of the peak outflow computed by the
NWS DAMBRK Model for a wide range of dam and reservoir sizes and
failure times. (However, in a rare case where a dam impounding a
small storage volume has a large time of failure, the equation
developed in this section for calculating maximum breach outflow
will predict much higher flow than actually occurs.) Upon substi-
tuting the approximate expression for h,, r Into Eq. (6) and
rearranging terms, the following analytically solvable relation is

obtained:
te Ve
A dyd
dt = —> ____3_/_2 (9)
3.1 Br (H-yd)
o ()

Integrating this and evaluating at the limits yields:

C C
tf= - (10)
vH - Ve N2
where, for AS expressed in acres and te in hours:
23.4 A
C=—>= (11)
B
b o
Rearranging Eq. (10) to solve for (H—yf) yields the following:
I 2
- = = 12
-y =(— b, (max) (12)

F Ve

Ul
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as indicated, this equation gives the maximum h2ad over tha welr at
t tf. Thus, the maximum breach outflow (Qbﬁax) occurring at

may be calculated by substituting this expression for
hweirgmax) into Eq. (5), i.e.,

C 3
Q = 3.1B_ [—— 13)

bmax r £+ C

PV

2.4 Maximum Stage Calculation

Once the maximum outflow has been calculated, the maximum stage
(hy.) at the downstream face of the dam must be determined. To do
this, the flow (Q,) that produces the stage (h,) shown in Fig. 3
must first be evaluated and compared with Qpmax to determine whether
the maximum stage is above or below h,. The flow Q, is evaluated
using the Manning equation, i.e.,

1.49 / A 2/3

= —381/2 ) A

Qv n S v B a4
\

For tmi prismatic channel, B is given by K h, ™ and A, 1s given by

)/(m+1) Substituting these expressions for B and A, into
Eq. (14) and simplifying gives the following:

V' a (m+1)5/3 ) Y
B, =Kh," 1 B
hV
B=Kh i

Fig.3 Calculation of Flow (Q,) For
Determining Maximum Stage

If Qv is founa to be greater than Qbmax’ then h, must be

greater than hp .., and h . is determined using the relation:

. 1/b
Qbmax
h = (16)
max
a
where: 1.49 K
a = si/2 (17)
n (m+l)5/3

Tonzthon M. Tlztmara o=md Peene T Fread
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The distinguishing characteristic of each.curve family is the
Froude number developed as the floodwave moves downstream. The
distinguishing characteristic of each member of a family is the
ratio of the volume in the reservoir to the average flow volume in
the downstream channel. Thus it may be seen that to predict the
peak flow and travel-time of the floodwave at a downstream point the
user must first determine the desired distinguishing characteristic
of the curve family and member. This determination is based on the
calculation of the Froude number and the volume ratio parameter. To
specify the distance and travel time in dimensionless form, the
distance and time parameters mentioned earlier must also be computed.

2,5.1 Routing Parameters

The distance parameter, XC, may be conceptualized as ‘the length
of a pyramid shaped reservoir that is equivalent in volume to the
actual reservoir being analyzed (see Fig. 4a and b). For a reser

voir in which the initial pool elevation is below h,, XC (in ft) is
determined using the relation:

2(ortl) v0LR
X =—mmm——— (30)

in which VOLy is the reservoir volume (£t®), Hy is the height (ft)
of the dam, and K and m are the fitted channel description
parameters. .

If the initial pool elevation is above h, (see Fig. 4b), X_ is
defined by:

2 VOLR

X = (31)

c h
Knh® —Y-+Hd—hv
Vo\ ml

CASE T H<h, CASE II H>hy
Fig. 4a Fig. 4b
Distance Parameter (X;) Calculation

Within the distance X ) in the downstream reach, the floodwave
attenuates such that the stage at the point X_ is hy (see Fig. 5),

. .- - - )
TAmArhan N Wievesmememin evene? N 1., Frasd



b=m+ 5/3 - (18)

If however, Q_, is found to be less than Q then mst be
v —=23 bmag

less than haxs and hpayx 1s calculated as follows:

= 3/5
hmax o Qbmax +y hv (19)
where: [ 1 ] 3/5
p = (20)
a(mtl)5/3 h,"
. m .
Y =— : (21)
mt1 :

2.4.1 Submergence Correction

The maximum stage produced by the breach outflow must be com
pared with the head over the weir to find whether it is necessary to
" include a submergence correction for tailwater effects on the breach
outflow. If the computed hpax 1s greater than (0.67 hweir) where
hweif is the final head over the weir (breach) as expressed in

. (12

Eq ), the maximum breach outflow must be corrected for submer—
gence. This correction factor, kg, 1s given by:
h 3
k_ = 1-27.8 [ L S 0.67] (22)
s h
welr

The breach outflow 1s corrected for submergence using the following
relation:

Qb* = ks* Qbmax (23)

k =5 ) (24)
N 2

in which k., is an average submergence correction factor from

Eq. (22). This averaging anticipates lesser submergence effects due
to the resulting reduced outflow. The new maximum breach outflow
(Q,") is then compared with Q,, and a new outflow stage (hpay) is
calculated using Eq. 16 or 19. Also, because there is decreased
flow through the breach, there is less drawdown. Thus, the head
over the weir (hy.;,) must be recalculated using the relation:

. . . te (sec.) @5
hweir - hweir Qbmax - Qb 2AS (sq.ft.) )

Now the ratio of the two new values, hmax/h is used in Eq. (22)

weir
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to compute a new submergence correction factor, If g 1s less than
1.0, submergence is still affecting flow and a Newton-Raphson
iteration scheme may be employed to adjust the calculated value of
Qy + The Newton-Raphson iterative equation is:

k

£Q™)
AN 26)
£1(Q7)

where the k superscript represents the iteration counter, and f'(Qk)
represents the derivative of f(Q ) with respect to Q. In expanded
form, £(Q¥) is given by:

k k Roax 3 :
= -1 - max _ . 3/2
£(Q) Qb 1 27.8 hweir 0.67 <3.l Br hweir / > Q27

If Eq. (16) was used to compute hoax (eege, Qp < Q,), the derivative
of £(Q¥) is: i

1/b
Q

2
k
k < a >
£'@Q) =1+ (3.1 Br hweir3/2)<83.l> - 0.67 (28)

welr

If Eq. (19) was used to compute h .xs then the derivative of f(Qk) is:

2
3/s5
k) +Yh

Kk 3/2 P (Qb v
£'Q7) =1 +<3.l Br hweir ><83.4> - 0.67 (29)

weir
where p and Y are defined by Eqs. (20-21).

Substituting the evaluated f(Qk) and f'(Qk) into Eq. (26) gives
an improved estimate of the maximum breach outflow. Within one or
two iterations a suitable value for the maximum breach outflow is
achieved which properly accounts for the effects of submergence.

2.5 Downstream Routing

After the maximum breach outflow and stage have been calcu-
lated, it is necessary to route the flow downstream. This routing
is achieved by employing dimensionless curves developed using the
NWS DAMBRK Model. These dimensionless curves are grouped into
families (see Appendix I) and have as their X-coordinate the ratio
of the downstream distance of forecast points to a distance
parameter discussed in the following section. The Y-coordinate of
the curves used in predicting peak downstream flows is the ratio of
(Q eak/Qbmax) while the Y-coordinate of the curves for predicting
travel times is the ratio of the travel time to a time parameter
discussed in the following section.



which is a function of the maximun stage (h

). The average
stage (h) in this reach is:

max

h=—08X X _o hmax (32)
2

where O 1s an empirical weighting factor.

For reaches in which the Xc value is less than 10 miles, the O value

1s generally between 0.85 and 0.95, while for larger X_ values the
O value 1s between 0.5 and 0.85.

DAM
>

\ XC
Fig.s Floodwave Stage Attenuation

The average hydraulic depth (Dc) within the X_ reach 1is:

<K<@ hmax)‘““> @

A h
D =_ = (ort1) = —_max (33)
¢ 3 K(O h )m m+ 1
max

Then, from the Manning equation, the average velocity (in ft/sec)
within the X. reach is given by:

1.49 0 h \2/3
vV = 51/2 . max (34)
¢ n m+ 1

The time parameter (Tc) is simply a measure of the time it
takes the wave to travel through the XC reach and is given by:

X

T = £ (35)
A4

c

The average Froude number in the Xc reach is given by:

(36)
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This data is substituted into Eg. (11) to yield:

23.4 (1936)
C =——— =302

150

Entering this value for C into Eq. (13) gives the following
value for the maximum breach outflow:

302 3
= 3.1 (150) = 1,619,025 cfs
1.25 + —302_ »

~\/261.5

Qbmax

To determine the maximum outflow stage, the value of Q, must
first be calculated. The slope of the downstream channel is
12.5 ft/mi and the estimated Manning's n value is 0.045. These
data, as well as the fitted values for K & m, are substituted into
Eq. (15) to yield:

1,49 [12.5\1/2 58.9
Q = — _._> <—.____ 25y (-06%373) _ 148 537 ot
Vo .045 \ 5280 (.66+1)5/3

Because Qbmax 1s greater than Qys the maximum outflow stage (hm

)
must be greater than hv' The value of hmax is found using Eq. ?¥9),
i.e. >

= 3/5 = 3/5 + =
b= P Qo + Y h = (.0111) (1,619,025) (.398) 25 = 68.7 ft
m .66
Y=—=—=.398
mr+1 1.66

1 3/s 1 3/s
o = [ } = [ } = .0111
a(m+1)5/3 h " 93.44(1.66)5/3 (25).56

in which:

gl/2 =
n (m+1)5/3  .045

= 93,44

1.49 K 1.49 <12.5>1/2 135

5280 (.66+1)5/3

Next, the ratio of hweir/hma must be checked to determine
whether submergence affects the ffow through the weir (breach).
Eq. (12) is used to compute hyeips 1-e0,

C 2 302 2

h ——
welr N C 1.25 + 302

£ V261.5

= 229.7 ft




in which g is the acceleration of gravity (ft/secz) and Dc is the
average hydraulic depth given by Eq. (33). '

. :
The dimensionless volume parameter (V') is a ratio of the res-
ervoir storage volume to the average flow volume in the X, reach.

The cross—section area <Ac) associated with the average hydraulic
depth (Dc) is:

k(b mtl

A =—C (37)

m+ 1

Dividing the reservoir storage volume (VOLR) by the average flow
volume (A, X.) gives the dimensionless volume parameter (V.), i.e.:

2.5.2 Routing Curves

Knowing the value of F_ and V*, the user may consult the spe—
cific curve (see Appendix IS defined for these values and check the
chosen value of © used in Eqs. (32-34). The ordinate of the routing
curve at (X/X_ = 1) is the ratio of Q  (at X.) to Qu.,.- Knowing Q,
the user may determine the stage (h,) at X, using Egs. (16) or (19).
Then O is checked by using Eq. (32), i.e., O = h/h where h is
computed via Eq. (32). If there is a significant di¥ference in the
new value of O from the initial O (e.g., + 10%), Egs. (33-38) should
be recalculated and the new value of O rechecked.

Knowing the proper routing curve, the user may then non-
dimensionalize the distance downstream to forecast points using the
relation:

=

*
X =

i (39)

L
X
c

where Xi 1s the downstream distance to the 1th forecast point,
i = 1’2’3’.'.

The routing curve is consulted to find the value of the ratio
of Q k/Q and the ratio of the travel time to T.. The pre-
B§Ke k™3 ; :
dicted pea ow 1s then compared to Qv (Eq. 15) and the peak stage
at the it forecast point is determined using Eq. 16 or 19.

III MODEL TESTING

The SMPDBK Model has been tested with good results on several
theoretical dambreak floods to compare its predictive ability with
that of the NWS DAMBRK Model. In addition, the model has been
tested on the Teton Dam and Buffalo Creek coal-waste dam failures
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to determine its ability to reconstruct observed downstream peak
stages, discharges and travel times. To further clarify the
readers' understanding of how to use the model, the step—by-step

procedure using real data from the Teton Dam failure 1is presented in
the following section.

3.1 Teton Dam Failure

The Teton Dam failed on June 5, 1976, killing 11 people and
causing $400 million in damages to the downstream Teton-Snake River
Valley. The U.S.G.S. report by Ray, et al. (1977) provided obser—
vations on breach development, reservoir characteristics, downstream
cross—sections and estimates of Manning's n, indirect peak discharge
measurements at three sites, flood-peak elevations and travel times.

From topographic maps, the following table of topwidth vs. h
(where h is the elevation above the channel invert) was developed:

TABLE 1--Cross—section Table for Channel Downstream of Teton Dam

Mile 0.0 Mile 5.0 Mile 8.5

h B h B h B

0. 0. 0. 0. 0. 0.
10. 590. 10. 570. 10. 800.
24, 820. 24, 914. 24, 2000.
80. 1130. 50. 1100. 33. 11000.
85. 1200. 55. 1200. 38. 15000.

With this data, a single, distance weighted cross-section may
be developed using Eq. 1., i.e., for h = 10,

(590;-570) (5.0-0.0) + (i‘%@ﬂ) (8.5-5.0)

(8.5-0.0)

= 623.25 ft

For h = 24, the distance weighted topwidth is 1110 ft.

From topo maps it appears that a reasonable value for h. is
25 ft. Thus the parameters K and m used in describing the channel
as a prism following the relation B = Kh™ must be fitted to the
welghted cross-section developed above. Substituting these values
into Eqs. (2) and (3) and working through the algorithm yields
K = 135 and m = 0.66.

To compute the maximum breach outflow, the following data was
obtained:

Reservolr Volume: 230,473 acre-ft
Reservoilr Surface Area at Failure (AS): 1936 acres
Breach Width (Br): 150 ft

Breach Height (H): 261.5 ft

Time of Failure (tf): 1.25 hr



4
This data is substituted into Eg. (11) to_yisld:

23.4 (1936)
C = ——— = 302
150

Entering this value for C into Eq. (13) gives the following
value for the maximum breach outflow:

302 3
= 3.1 (150) © = 1,619,025 cfs

vV261.5

Qbmax

s

To determine the maximum outflow stage, the value of Q must
first be calculated. The slope of the downstream channel is
12.5 ft/mi and the estimated Manning's n value is 0.045. These
data, as well as the fitted values for K & m, are substituted into
Eq. (15) to yield:

1,49 /12.5\1/2 58.9
Q = —— _____>. <_____-_____ 25) (+0673/3) _ 148 537 ot
V. .045 \5280 (.66+1)5/3

Because Qbm ax 1s greater than Q , the maximum outflow stage (

must be greater than h,. The value of h .. is found using Eq. ?f9)
ioe.

= 3/5 = 3/5 =
hmax p Qbmax + v hv (.0111) (1,619,025) + (.398) 25 68.7 ft
m .66
Y=—=—=,398
m+1 1.66

1 3/s 1 3/s
o = [ } . [ J = .0111
a(m-1)5/3 hvm 93.44(1.66)5/3 (25) .56

in which:

1.49 K 1.49 /12.5\1/2 135
a = s1/2 = — - 93.44
n (m¥1)5/3 045 \ 5280 (.66+1)5/3

Next, the ratio of hwel /hm must be checked to determine
whether submergence affects the ffow through the weir (breach).
Eq. (12) is used to compute hyeips 1-€-)

C 2 302 2

h = —_——
welr R C 1.25 + 302

£/ V261.5

= 229.7 ft
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ecause K
(hpax/Myeip) = (68.7/229.7) = 0.3 < 0.67

submergence of the breach does not occur.

Now that the maximum breach outflow discharge and stage have
been determined, the routing parameters must be calculated. As the
height of the dam (Hy) is greater than h,, Eq. (31) is used to
calculate Xc’ i.e.,

2 VoL, 2 (230473)(43560 ftz/acre>
X = =
c h 25
mf By _ 135 (25)-56 ({20 + 261.5 - 25)
Kh <;;3-+ Hy h%) . - \1.86 ?

= 70,652 ft = 13.4 miles

In an X, reach that is this long, the attenuation of the flood
peak will probably be substantial. For this reason a © value of 0.8
i1s chosen. This O is substituted into Eqs. (33) and (34) to
determine the average hydraulic depth and velocity in the XC reach.

B €] hmax 3 0.8 (68.7)

D = = 33.11 ft
¢ 1 (.66+1)
1.49 1.49 /12.5\1/2
vV = si/2 p2fs o~ ("7 (33.11)2/3 = 16.61 ft/sec
¢ n ¢ .045 \5280

The time parameter (Tc) may now be calculated using Eq. (35),
i.e.,

T =S = 4253 sec = 1.18 hrs

The Froude number is given by Eq. (36), i.e.,

v 16.61
F =———-——c = = 0.5

C \/__—'_
/e D_ 32.2(33.11)

The cross—sectional area associated with the average hydraulic
depth (D) 1s given by Eq. (37) as follows:

K @)™ 135 (33.11)1.66
A = < = = 27,124.26 ft2?
¢ k1 1.66 .

Multiplying AC by the distance parameter (XC) and dividing the
product into the reservoir volume (VOLR) gives the dimensionless
volume parameter as in Eq. (38), i.e.,
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parameters corresponding to each sub-reach, the user may forecast
downstream flooding for as far as desired regardless of what changes
occur in the valley geometry.

3.2 Buffalo Creek Flood

The most catastrophic flood in West Virginia's history occurred
on February 26, 1972 when the collapse of the Buffalo Creek coal-
waste dam released over 400 acre-ft of water and coal sludge in
15 minutes, killing 118 people and destroying $50 million worth of
property. Two separate reports by the U.S. Geological Survey
(Davies, et al., 1972) and (McQuivey and Keefer, 1975) provided the
input data required by the SMPDBK Model and the observed data
necessary to examine the model's.accuracy. ;

Fitting a prismatic channel to the cross-section data provided
in the reports gives the channel description paramaters of K = 60.,
m = 0.58, and h, = 10 ft. Substituting the breach data of
tg = 0.083 hrs, B, = 274 ft (trapezoidal), H = 40 ft, and
Ag = 13.1 acres into Eq. (13), provides a value for Qpmax 2t the dam
of 62,700 cfs which produces a stage (h,.,) of 17 ft. Although the
channel slope immediately downstream (3.% miles) of the dam is
supercritical, the average slope (53 ft/mi) and roughness (n = .052)
of the full 12.1 mile reach is used in this investigation to compute
the following routing parameters: X. = 0.69 mi, 0 = 0.95,
T, = 0.07 hrs, F.=0.78, and V' = 2,26. The McQuivey report
presents the observed flows and travel times at 6.8 and 12.1 miles
downstream of the dam. Thus, the chart for F_. = 0.75 is consulted
to find the ratios of Q /Qbmax at X/XC = 6.8/8.69 = 9,8 and
X/XC = 17.53. (Unfortunately, because of limited space in this
paper, the entire curves can not be presented in Appendix I. How-—
ever, an upcoming NWS publication will present the entire routing
curve families for a wide range of F. values.) From the chart, the
Q,/Q max ratio at X/XC = 9.8 1s found to be 0.27, indicating a flow
og 12,3§9 cfs which produces a stage of 11.19 ft. The T /T. curve
shows the time of travel to mile 6.8 to be 0.8 hrs. These results
compare reasonably well with the indirect USGS measurements of
Q = 13,000 cfs (30% error), stage = 10 ft (1.19 ft error) and travel
time = .91 hours (137% error). At mile 12.1 (X/XC = 17.5), the
Q,/Q ratio is 0.19 which, when multiplied by Q max® 8ives a flow
o% 1??@?3 cfs. This flow produces a stage of 11.92 ft in the narrow
cross—section at mile 12.1 and has a travel time of 1.45 hrs. Here
the model results are somewhat less accurate as the measured flow
was 8,800 cfs (35% error), the observed stage was 10.5 ft (l.46 ft
error), and the travel time was 2 hours (25% error).

It should be stressed that although the accuracy of SMPDBK in
this test comparison appears less than desirable, the "observed”
measurements may be somewhat suspect as they are based ou eyewitness
accounts and estimates of channel geometry and roughness used in
conjunction with high-water marks. Another factor that reduces the
accuracy of the model is the substantial volume of sludge that was
released in the dam failure. As the flow velocities decreased, this



o VoL, (230,473) (43,360) .
Vo= - = 5,24
AX,  (27,124) (70,652)

All of the required parameters have now been calculated, and
the initial estimate of © may be checked. To recap, the following
is a list of the parameters that have been calculated:

*
X. = 13.4, T. = 1.18, F_ = 0.5, V' = 5.24
To check the value of O, the family of curves for F_ = 0.5 in
Appendix I 1is consulted. Moving vertically from the point zhere
X/XC = 1.0 to a point interpolateg between the curves for V' = 4,0
and V' = 7.0 corresponding with V° = 5,24, the ordinate of this

point is found to equal 0.5, indicating that at X, the peak flow
has attenuated to (.5) (Qbmax) ‘

Q, (X = X.) = .5 (1,619,025) = 809,512. cfs

This flow is greater than Q, (Q = 148,537) so Eq. (19) is used
to determine the maximum stage at X i.e.

h = p Qp3/5 +¥ b, = (.0111) (809,512)3/5 + (.398) 25 = 48.53

To check the value of 0, Eq. (33) is rearranged such that:

h + h 68.7 + 48.53
o = _Mmax X _

2 h

= = 0.84
max 2 (68.7)

This indicates that the original estimate of © = 0.8 is acceptable.

Now the peak flow, stage, and travel time at the forecast point
(X = 8.5 miles) nay be determined. Interpolating between the
(V" = 4.0) and (V = 7.0) curves at X/XC = 8.5/13.4 = 0.63, the
ratio of Qp/Qbmax is found to be 0.59. TThus,

Qp = 0.59 (1,619,025) = 957,249 cfs

To most accurately predict the stage at X = 8.5, the distance
welghted cross—-section is put aside in favor of the true cross-—
section and Manning's n at X = 8.5 miles. The following B vs. h
table corresponds to the cross—-section at X = 8.5:

TABLE 2-—Cross—Section Properties for Mile 8.5

h B
0. 0.
10. 800.
24, 2000,
33. 11000.

38. ~ 15000.
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Manning's n at mile 8.5 is estimated to be .037. As can be
seen from the table, the valley at mile 8.5 is substantially wider
than in the reach just below the dam. Indeed, no hv can be dis-
cerned from the data. Thus, all the data points will be used in
fitting the K and m parameters to describe this cross—section.
Substituting this data into Eqs. (2-4) yields K = 4,26 and m = 2.17.

If there is an h, value, it is very large, and it is safe to
assume that Q_ is less than Qy- Because Q_ < Qys Eq. 16 1s used to
calculate the peak stage at X = 8.5 miles, i.e.,

1.49 K
si/2 _ _ _ .99
n (mt1)5/3

a

b=mn+ 5/3 = 3,837

 \!/b
h =<—R> = 34,4 ft
P a

The time to peak at mile 8.5 is found by moving vegtically from
X/X = .63 and interpolating (V' = 5.24) between the (V™ = 4.0) and
*C
(V" =7.0) curves of the (T /Tc) vS. (X/XC) chart for F, = 0.5,
From this chart, the value of T /T. is found to be 0.64. Multiply-
ing this value by T. and adding this product to the time of failure
(tf) yields

Time to peak = 0.64 (Tc) + tg = 0.64 (1.18) + 1.25 = 2.0 hrs

To examine the prediction accuracy of the SMPDBK Model, the
computed forecast must now be compared with the observed data pro-
vided in the Geological Survey Report (Ray, et al., 1977). This
report indicates that at mile 8.5 the observed discharge was
1,060,000 cfs. This compares well with the SMPDBK Model's predicted
flow of 957,249 cfs for an error of less than 10%. The model pro-
duced an estimated flow depth of 34.4 ft at mile 8.5, which, when
added to the bottom elevation of 4920., gives a water surface ele-
vation of 4954.4. This also compares well with the observed stage
of 4953 at mile 8.5. The time of peak discharge at mile 8.5
"probably occurred between 1300 and 1400 hours” (1 to 2 hours after
failure began) according to the report. Test runs of the NWS DAMBRK
Model indicate that this time is probably closer to two hours which
is exactly the time predicted by the SMPDBK Model.

As can be noted from the above comparison, the SMPDBK model
produces very good results in forecasting the downstream flooding
produced by the Teton failure. Unfortunately, because the river
valley widened so greatly after mile 8.5, further downstream routing
is not possible with the model's present capabilities. However,
further development is currently under way to allow the user to
divide the downstream reach into smaller reaches, each having its
own specific characteristics. Based on the Froude and volume
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parameters corresponding to each sub-reach, the user may forecast
downstream flooding for as far as desired regardless of what changes
occur in the valley geometry.

3.2 Buffalo Creek Flood

The most catastrophic flood in West Virginia's history occurred
on February 26, 1972 when the collapse of the Buffalo Creek coal-
waste dam released over 400 acre-ft of water and coal sludge in
15 minutes, killing 118 people and destroying $50 million worth of
property. Two separate reports by the U.S. Geological Survey
(Davies, et al., 1972) and (McQuivey and Keefer, 1975) provided the
input data required by the SMPDBK Model and the observed data
necessary to examine the model's'accuracy. :

Fitting a prismatic channel to the cross-section data provided
in the reports gives the channel description paramaters of K = 60.,
m = 0.58, and h, = 10 ft. Substituting the breach data of
te = 0.083 hrs, B. = 274 ft (trapezoidal), H = 40 ft, and
Ag = 13.1 acres into Eq. (13), provides a value for Qpmax 2t the dam
of 62,700 cfs which produces a stage (hy.,) of 17 ft. Although the
channel slope immediately downstream (3.% miles) of the dam is
supercritical, the average slope (53 ft/mi) and roughness (n = .052)
of the full 12.1 mile reach is used in this investigation to compute
the following routing parameterg: X. = 0.69 mi, © = 0.95,
T. = 0.07 hrs, F. = 0.78, and V" = 2.26. The McQuivey report
presents the observed flows and travel times at 6.8 and 12.1 miles
downstream of the dam. Thus, the chart for F. = 0.75 is consulted
to find the ratios of Q /Qbmax at X/XC = 6.8/6.69 = 9,8 and
X/XC = 17.53. (Unfortunately, because of limited space in this
paper, the entire curves can not be presented in Appendix I. How-
ever, an upcoming NWS publication will present the entire routing
curve families for a wide range of F. values.) From the chart, the
Q,/Qnay ratio at X/X. = 9.8 is found to be 0.27, indicating a flow
og 12,359 cfs which produces a stage of 11.19 ft. The T /T, curve
shows the time of travel to mile 6.8 to be 0.8 hrs. These results
compare reasonably well with the indirect USGS measurements of
Q = 13,000 cfs (30% error), stage = 10 ft (1.19 ft error) and travel
time = .91 hours (137% error). At mile 12.1 (X/XC = 17.5), the
Q,/Q ratio is 0.19 which, when multiplied by Qu .., gives a flow
of 1??3?3 cfs. This flow produces a stage of 11.9% ft in the narrow
cross—section at mile 12.1 and has a travel time of 1.45 hrs. Here
the model results are somewhat less accurate as the measured flow
was 8,800 cfs (35% error), the observed stage was 10.5 ft (1.46 ft
error), and the travel time was 2 hours (25% error).

It should be stressed that although the accuracy of SMPDBK in
this test comparison appears less than desirable, the "observed”
measurements may be somewhat suspect as they are based ou eyewitness
accounts and estimates of channel geometry and roughness used in
conjunction with high-water marks. Another factor that reduces the
accuracy of the model is the substantial volume of sludge that was
released in the dam failure. As the flow velocities decreased, this
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sludge settled outr, thereby reducing the effective volume flowing
down the channel. 1In a previous study of the Buffalo Creek flood,
calibration of the DAMBRK Model indicated that this volume loss
reduced the peak flow by 7% at mile 6.8 and by 13% at mile 12.1.
Applying these volume loss corrections reduces the flow at mile 6.8
to 15,700 cfs (20% error), which produces a stage of 10.9 ft (0.9 ft
error). At mile 12.1 the flow is reduced to 10,364 cfs (17% error)
and the stage is lowered to 11.66 ft (1.16 ft error). There was
also a considerable amount of off-channel storage in the downstream
reach that is not fully accounted for in the simplified model. This
storage further reduced the peak flows and increased the travel times.

IV CONCLUDING REMARKS

There is a clear need for real-time forecasts of dambreak
floodwave peak stages and travel times. A flash flood hydrologist
employing the NWS SMPDBK Model can provide such forecasts quickly
and with reasonable accuracy. For example, in each of the test
cases presented in this paper, approximating the channel as a prism,
calculating the maxinum breach outflow and stage at the dam, defin-
ing the routing parameters, and evaluating the peak stage and travel
time to the forecast points, required less than 20 minutes of time
with the aid of a nonprogramable hand-held calculator while the
average error in forecasted peak flow and travel time was 10-20%
with stage errors of approximately 1 ft. Furthermore, comparisons
of SMPDBK Model results with DAMBRK Model results from test runs of
theoretical dambreaks show the simplified model generally produces
errors of less than 107%. The authors had the advantages, however,
of prior experience with the model and possession of all required
input data, the collection of which consumes precious warning
response time in a dambreak emergency.

To help reduce the time required for data collection, a table
of possible default values for some of the input data 1s presented
in Table 3. These default values may be used by dam-break flood
forecasters when time is short and reliable data is unavailable.
Additionally, to help further reduce the time needed to employ the
model, work is currently under way to code the entire procedure on
both a programmable calculator and an NWS AFOS system 5230 mini-
computer. When this coding is complete, the program will be
recorded on magnetic cards and floppy discs that will be dissemi-
nated to model users.

TABLE 3--Default Input Data Values

Value Units Default Description
B. ft 2 x breach depth Breach width
te hr 0.1--2.0 Time of failure
h, ft H/2 Elevation of valley wall
base or thick vegetation
n - 0.06 Downstream channel
roughness coefficient
S, -- Dam Height/ Bottom slope of downstream channel

Reservoir length
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The S5MPDBK ilodel is not ouly useful in a dambreak emergency,
it is also suitable for pre—computation of flood peak elevations and
travel times prior to a dam failure. Pre-computation of dam fail-
ures allows those responsible for community preparedness to deline-
ate danger areas downstream should the dam fail. Ideally, the
sophisticated NWS DAMBRK model would be used in a long-term disaster
preparedness study with sufficient computer resources to obtain the
most rellable estimate of probable flood elevations and travel
times. However, for short term studies with limited resources and
relaxed accuracy requirements, the SMPDBK Model will be most helpful
in defining peak stages, discharges, and travel times.

Although the model in its present form is a useful tool for
dambreak flood forecasting, it does have limitations which reduce
its accuracy. As was seen 1in the presentation of the Teton flood
study, the model was not capable of routing the flood past mile 8.5
because the valley geometry changed so drastically downstream of
that point. Also, the accuracy of the results in the Buffalo Creek
study would probably have improved had the authors been able to
subdivide the downstream channel into the 3.6 mile supercritical
reach and the 8.5 mile subcritical reach. As was indicated earlier,
however, research is under way to develop a method that will allow
such a subdivision of the downstream channel. Work 1s also being
performed to allow the model to compensate for special downstream
valley characteristics, such as off-channel storage and/or bridge-
road embankments, that are neglected in the prismatic channel
approximation. With these improvements, the NWS SMPDBK model has
the potential for producing very reliable results while consuming
little of the users' time and resources.
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